ing rates between species, and readily metabolised to WX-UK1. In rat models, WX-671 has been shown to be efficacious at inhibiting tumour growth and spread. For clinical testing in man, hard gelatine capsules are available that contain WX-671 hydrogen sulphate equivalent to 50 mg and 200 mg WX-671 (free base). The aim of this study was to evaluate the pharmacokinetics of both the oral pro-drug WX-671 and the metabolite WX-UK1 in human tissue and plasma of patients with HNSCC. In addition, the safety and tolerability as well as the effects on the uPA system of WX-671 were assessed.
Introduction
Tumour invasion and metastasis depend on the capacity of tumour cells to coordinate various biological processes such as detachment of cells from their original localisation, cancer cell migration, invasion of cancer cells into surrounding tissue, access to blood and lymphatic vessels and adhesion to and invasion through the endothelium, allowing colonisation at distant sites of the organism. This complex scenario requires the concerted and regulated expression of extracellular proteolytic systems, integrins and adhesion proteins. Degradation of proteins in basement membranes and extracellular matrix is the prerequisite for the invasion of cells and the formation of metastases. This is mediated by various extracellular proteolytic enzymes including serine proteinases, metalloproteinases and cysteine proteinases [1] . There is abundant experimental evidence that the plasminogen activator system plays an essential role in these processes [1] [2] [3] [4] [5] [6] [7] [8] . It consists of two serine proteinases, urokinase-type plasminogen activator (uPA) and tissue-type plasminogen activator (tPA), the cell surface uPA receptor (uPAR) and the plasminogen activator inhibitors 1 and 2 (PAI-1, PAI-2). uPA is agreed to be the enzyme with the major influence on cancer-related processes, whereas the primary role of tPA is the generation of plasmin for fibrinolysis of blood vessels [9] . Besides its proteolytic activity, uPA in concert with uPAR also mediates mitogenic, adhesive and migratory processes [10] . Clinical studies have demonstrated the relevance of uPA, uPAR and PAI-1 in malignant tumours such as breast, ovary, cervical, upper urinary, gastrointestinal, lung, prostate and other cancers. Elevated levels of these factors correlate with increased malignancy and poor patient outcome [1, 7, 11, 12] . For head and neck squamous cell carcinoma (HNSCC) the role of the uPA system has been extensively investigated [13] [14] [15] [16] [17] . In tumour lysates, it has been demonstrated that both uPA and PAI-1 may play a specific role in the process of invasion and metastasis and might also be of prognostic value in this carcinoma [18, 19] . Recently, Wilex developed a serine protease inhibitor of the uPA system, the intravenous drug WX-UK1, and its new orally administered pro-drug WX-671 to treat cancer. Once WX-671 is absorbed, the hydroxyamidino function is reductively converted to the amidino function, thereby generating pharmacologically active WX-UK1. In rat, dog and monkey, WX-671 is effectively absorbed, although with vary-≥ 1.5 × 10 9 /l, platelets ≥ 100 × 10 9 /l, haemoglobin ≥ 9 g/dl), total bilirubin ≤ 1.5 × upper limit of normal (ULN), asparagine aminotransferase, alanine aminotransferase, alkaline phosphatase and gamma glutamyl transferase ≤ 2.5 × ULN, serum creatinine ≤ 2 × ULN equivalent to a calculated creatinine clearance > 60 ml/min. All patients had to be able to participate, communicate well with the investigator, comply with the study restrictions and willing to give informed consent to participate and provide a tumour specimen in the course of routinely indicated procedures such as biopsy (pre-dose) and subsequent tumour resection (post-dose).
Safety and Pharmacokinetics in Plasma Samples
On the visits at day 1, day 8 and day 15, patients received 12-lead ECGs, adverse event (AE) monitoring, routine safety laboratory chemistry, coagulation parameters and a physical examination (including body weight, vitals signs, Karnofsky performance scale). An AE was defined as any new undesirable medical experience or change of an existing condition that occurred during or after administration of the investigational agent, whether or not it was considered agent related. Abnormal laboratory findings considered by the principal investigator to be clinically significant, e.g. those that were unusual or unusually severe for the population being studied, were also considered AEs. Elective interventions during the study (repeat biopsy, secondary resection) were not required to be reported as AEs. All AEs occurring during the study were recorded on the patient's AE form and included the following information: a description, date of onset and resolution, severity, intensity, relationship to the investigational agent, action taken, and outcome. AEs were graded according to the National Cancer Institute common toxicity criteria for AEs (CTCAE) version 3.0 (published Dec 12, 2003) . Patients experiencing AEs were followed carefully until the condition resolved or could not resolve any further, and every effort was made to clarify the underlying cause. Follow-up information related to serious AEs including deaths was forwarded to Wilex by telephone, fax, or by e-mail as soon as relevant data were available. All abnormal findings were followed until they had returned to normal or could not resolve any further. To assure that any serious AE that occurred up to 30 days after the last study drug dose was reported, the study staff was to contact the patient by phone 1 month after the last dose. Blood samples (approximately 3 ml) for analysis of pharmacokinetics were collected 30 min prior to dosing, 30, 45, 60, 90 min, 2, 3, 4, and 8 h after dosing into ethylene diaminetetraacetic acid tubes for the measurement of plasma levels of WX-671 and WX-UK1. The date and the exact time of each sample were recorded in the case report from. Blood samples were centrifuged immediately at room temperature after collection and each plasma sample was transferred to a uniquely labelled safelock Eppendorf tube and stored below -20 °C until assayed. Plasma concentration-time data were analysed by standard model-independent methods using currently approved, validated software. The following parameters were derived for WX-671 and WX-UK1: area under the plasma concentration time curve (AUC), maximum concentration (Cmax), time to reach maximum plasma concentration (tmax), apparent terminal half-life (t½).
Tissue Samples
Tissue sampling was performed within 24-72 h after the last study drug intake, performed during routine biopsy and resection. If possible, 1-2 samples each from the tumour centre and adjacent non-tumour tissue as endogenous control were collected. One aliquot of the sample was to be immediately transferred to a uniquely labelled cryo-tube pre-filled with a defined volume of buffer. Aliquots were to be snap-frozen and stored at -20 °C. 
•: To be taken or measured, respectively, at the assumed maximal concentration of the study drug in plasma 4 h post intake of dose. x: To be taken, measured or performed. (x): An effort was to be made to collect an additional sample during screening. xx: 1-2 days after surgery and at follow-up. ECG = Electrocardiogram, FU = follow-up visit, Hep = hepatitis, HIV = human immunodeficiency virus, PT = prothrombin time, PTT = partial thromboplastin time. 
Results

Demographics and Baseline Characteristics
A total of 19 patients were included in this open-label, single-arm study. 6 patients each received either 100 or 400 mg WX-671 and 7 patients received 200 mg WX-671 for 15 days. 1 patient was prematurely withdrawn due to a major protocol violation; 1 patient was lost to follow-up. Thus, 17 patients completed the study as scheduled ( fig. 1 ). All patients included were Caucasians and most of the patients were male (13/19, 68.4%). The median age of the patients was 55 years, ranging from 42 to 69 years. The mean Karnofsky performance scale index was 93, consistent with the protocol requirement of being ≥ 80, and the mean body mass index was 26 kg/m 2 , indicating normal weight. There were no meaningful differences between treatment groups, though slight differences were seen probably due to the small number of patients included per treatment arm. As required by the protocol, none of the patients had a significant cardiac disease (New York Heart Association (NYHA) class III or IV) or presented with a human immundeficiency virus or hepatitis infection. The most frequently reported previous and concomitant disease was hypertension (4/19 patients) followed by hypothyroidism (3/19 patients). All patients presented with newly diagnosed HNSCC and the majority had either a tumour of the larynx (7/19 patients, 36.8%) or oropharynx (3/19 patients, 15.8%). The primary tumour size was assessed as T2 for almost half of the patients (9/19 patients, 47.4%) followed by T3, which was reported for 4/19 patients (21.1%). Tumour grading showed a grade of 2 for most of the patients (14/19 patients, 73.7%). Involvement of lymph nodes was reported for 13/19 patients (68.4%); however, no distant metastasis was seen in 16/19 patients (84.2%); for the remaining 3 patients no assessment was possible (Mx). Except for those diseases associated with HNSCC, the most commonly reported pathological findings at baseline physical examinations were related to the lymph nodes (11/19 patients, 57.9%) consistent with the TNM (tumour, node, metastasis) staging at screening. Abnormal findings in other organ systems were only rarely reported. According to patient diaries, all patients took the medication as scheduled, except for one patient who took an overdose at day 1 (without any serious complications) and was therefore prematurely discontinued. Pharmacokinetics WX-671 was measured in the plasma of HNSCC patients and increased with the dose. Cmax and AUClast values of WX-UK1 increased in the low-dose and high-dose group from day 1 to 8 and remained nearly constant from day 8 to 15. An increase was observed in the intermediate-dose group from day 1 to 8 and from day 8 to 15. Cmax occurred at (tmax) 170-360 min post dosing of a 100-mg capsule, at 140-170 min after application of 200 mg WX-671, and at 100-210 min in the high-dose group. Trough concentrations were similar on days 8 and 15 and essentially reached steady state on day 8. Trough levels were disproportionally high in the 200-mg group compared to the 100-mg group. Terminal half-life (t1/2) for WX-671 and WX-UK1 was not calculated because the last plasma sample at 8 h after dosing was not sufficient to determine a terminal half-life. Therefore, a calculation of clearance (CL) and volume of distribution (VD) was not possible.
Tissue Levels
A total number of 30 human tissue samples and 14 plasma samples taken after resection of tumour and control tissue were analysed for their content of WX-671 and its active metabolite WX-UK1. WX-671 was found in tissue in low concentrations that ranged from 10 to 120 ng/g. Approximately the same concentrations were measured in the corresponding plasma samples. No dose dependency could be identified ( fig. 2) . WX-UK1 was found in tissue in approximately 10-15-fold higher concentrations than WX-671. The concentrations of WX-UK1 ranged from 9 to 297 ng/g in the low-dose group, from 129 to 2480 ng/g in the intermediate-and from 242 to 797 ng/g in the highest-dose group ( fig.  2) . Aside from the two highest tissue concentrations in the mediumdose group (2480 and 1561 ng/g), the tissue levels in the highest-dose group and the medium-dose group were nearly the same. A dose-dependent increase of tissue concentrations could be observed only between the low-and the medium-or highest-dose group.
Adverse Events
A total of 20 AEs were reported by 9/19 patients (47.4%). 4/6 (66.7%), 2/7 (28.6%) and 3/6 (50.0%) patients reported AEs in the 100-, 200-and 400-mg group, respectively. The most frequently reported AEs during treatment were gastrointestinal system disorders (diarrhoea, dyspepsia, vomiting). 3 AEs (diarrhoea, ageusia), all occurring in the 400-mg group, were considered by the investigator to be related to study medication (probably or possibly). For 8 AEs, the relationship to study medication was unknown. Most of the AEs (80%) were of mild or moderate intensity. There was no death or any AE leading to premature discontinuation. One serious AE (bronchospasm) in the 100-mg group was reported which was judged to be unrelated to study medication. There were 2 AEs associated with abnormal laboratory values (severe hypokalaemia and mild hyperkalaemia), both in the 100-mg group. While the event of hypokalaemia was unrelated to study medication, the relationship of hyperkalaemia to study medication was unknown. Otherwise, no clinically meaningful changes in haematology, serum chemistry, and coagulation parameters were found that would give rise to a safety concern related to treatment with WX-671. There were also no clinically meaningful changes in vital signs, including body temperature, physical examination and ECG parameters. 
Discussion
HNSCC is the fifth most common cancer entity worldwide with an extremely bad prognosis, according for an incidence of approximately 80,000 new cancer patients every year in the industrialised countries [20] . Despite improved surgical techniques, implementation of new radiation practices and the application of adjuvant chemotherapy, the 5-year overall survival rate has remained low and almost unchanged during the last 30 years [21] . So there is an urgent need for adjuvant therapy, especially against the background of early metastatic spread. Here the inhibitors of the uPA system might be of therapeutic value in this carcinoma [18, 19] . A total of 19 patients were included in this open-label, single-arm study. The plasma pharmacokinetic data obtained in this study was consistent with the results obtained in a previous healthy-volunteer study. Comparison of the trough levels on days 8 and 15 showed that neither WX-671 nor WX-UK1 accumulate under repeated dosing. Daily doses of 400 mg WX-671 did not result in higher WX-UK1 tissue concentration compared to 200 mg WX-671, suggesting that 200 mg might be the optimum dose. Little to no WX-671 was measurable in tissue at the time of resection, consistent with efficient metabolism and a short half-life of WX-671 in plasma, whereas WX-UK1 concentrations in tissue were at least 15-fold higher than in plasma. Thus, the tissue concentrations were sufficient for uPA target inhibition. For safety assessments, data of all patients were used. Due to the small group size, the data needs to be interpreted with due caution and clear dose trends cannot be established. Overall, the patients tolerated treatment with WX-671 very well, and differences in AE incidences or AE profiles between dose groups were not apparent. Approximately half of the patients (47.4%) experienced AEs, of which the great majority was of mild or moderate intensity and judged to be unrelated to study medication. Gastrointestinal system disorders were reported in previous studies and were also the most frequently reported AEs during treatment in this study. Three drug-related AEs were reported (all in the 400-mg group), which included diarrhoea (2×) and ageusia, and had all completely recovered under continued treatment. For 8 AEs, including hyperkalaemia, nasopharyngitis, diarrhoea (3×) and emesis (3×), the relationship to study medication was unknown und thus a causal association with WX-671 treatment cannot be excluded for these AEs. There was only one serious AE (broncho-spasm) which, however, in the opinion of the investigator was unrelated to study medication. Headache, frequently observed in previous studies, was not reported. No clinically meaningful changes in haematology, serum chemistry, and coagulation parameters were found that would give rise to a safety concern related to treatment with WX-671. An increase in liver enzymes as reported previously was not observed. There were also no clinically meaningful changes in vital signs, including body temperature, physical examination and ECG parameters. Thus, WX-671 achieves putative therapeutic tissue levels of WX-UK1, with no serious AEs except for minor gastrointestinal system disorders, like diarrhoea. 
